The fragmentation of production chains across borders is one of the most distinctive feature of the last 30 years of globalization. Nonetheless, our understanding of its implications for trade theory and policy is only in its infancy. We suggest that trade in value added should follow theories of comparative advantage more closely than gross trade, as value-added flows capture where factors of production, e.g. labor and capital, are used along the global value chain. We find empirical evidence that Heckscher-Ohlin theory does predict manufacturing trade in value-added, and it does so better than for gross shipment flows. While countries exports across a broad range of sectors, they specialize in techniques using their abundant factor intensively.
INTRODUCTION
The second unbundling, or the fragmentation of production chains across borders, is one of the most distinctive feature of the last 30 years of globalization (Baldwin, 2011) . Nonetheless, our understanding of its implications for trade theory and policy is only in its infancy. One explanation for this delay is the only-recent release of input-output matrices that cover the whole world and allow for a better understanding of the location of production across global value chains.
One implication of global value chains is that 'Made in China' no longer means 'Made in China'. Koopman et al. (2008) estimate that the share of domestic content in China exports is about 50%. One recurring example is that of Apple's iPad, 'Made in China' but with Chinese labor accounting for only about 3% of its value added. Gross trade figures, e.g. Chinese exports of iPads, are hence no perfect guide to understand where value addition occurs. They also imply a 'double-counting' of value added, as the value added embedded in parts and components is counted when both intermediates and final goods cross borders.
The 'double-counting' means that trade data overstates the domestic value-added content of exports (see Figure 1 ).
Economists have thus recently focused on capturing the value-added content of trade Johnson and Noguera (2012) and the World Trade Organization launched a 'Made in the World' initiative to encourage research on the topic. Extracting the value-added embedded in exports allow us to trace where factors of production are used. For example, it allows us to identify that China's electronics exports embed wages paid to Chinese labor and profits pocketed by US wholesalers. It elucidates the paradox that labor-abundant China apparently exports capital-intensive and sophisticated products. When looking at trade in value added, we find that China actually exports only unskilled labor embedded in iPads. Another example is that of Boeing's Dreamliner. While is is 'Made in the USA', it embeds value from a long list of countries (Figure 2 ).
We suggest that trade in value added should follow theories of comparative advantage more closely than gross trade. The reason is that it tells you where factors of production, e.g. labor and capital, are used. As Daudin et al. (2011) In this paper we combine Chor (2010) and Johnson and Noguera (2012) to provide a new test for Heckscher-Ohlin theory. The Heckscher-Ohlin prediction is that countries will export goods whose production uses its abundant factor intensively. Does Japan export more skill-intensive value added than labor-abundant countries? Our prediction is that the value-added trade patterns fit the Heckscher-Ohlin predictions better than gross trade patterns as they capture precisely the location of production factors. We mimic the regression setting of Chor (2010) , who tested for theories of comparative advantage, but including value-added trade rather than gross trade data on the left-hand side. In doing so we generalize the approach of Davis and Weinstein (2001) , Trefler and Zhu (2010) and others to test for Heckscher-Ohlin predictions to a framework with bilateral trade costs. We thus add to a resurgence of papers that decompose the factor content of trade to test Heckscher-Ohlin theory, e.g. Egger et al. (2011) and Fisher (2011) who show that it is important to take into account international differences in technology (see Figure 10 ), which depends largely on labor requirements across countries (Nishioka, 2012) . Our paper is also in line with Fisher and Marshall (2013) who insist that the factor content of trade in labor is not an exchange of person-years, but trade in value added attributed to a worker.
We find empirical evidence that HO theory does predict manufacturing trade in value-added, and it does so better than for gross shipment flows.
The paper proceeds as follows. In the next section we describe the data and present our empirical strategy. A third section presents the results and a fourth concludes.
DATA AND EMPIRICAL STRATEGY
We use data from the World Input-Output Database (WIOD). It provides international input-output tables for 40 countries (Figure 4 ), 34 sectors, from 1995 34 sectors, from to 2009 34 sectors, from (Timmer, 2012 . This data allows us to compute the value added embedded in final imports as the sale value of a product equals to the cost of intermediate inputs plus value added. Here value added refers to the cost of primary inputs such as labor as well as profits. For example we can identify where the workers involved into Chinese electronics were employed, by sector and by nation. It would most likely involve skilled labor in the US who designed and market the product, as well as workers in Taiwan that produced the parts and components, as well as other inputs from the chemical and metal industries in other countries. By tracking down the whole process until the sales value equals the sum of value added, we can trace the value added by industry and country. Computing value-added exports is straightforward using matrix algebra (see Johnson and Noguera (2012) ):
where V A is value-added embodied in the final demand of a given country (N countries and J sectors), F is a (N J, N J) diagonal matrix with the ratio of direct value-added to gross output for each country and sector on the diagonal, (I − B) −1 is the (N J, N J)
Leontief inverse -it estimates the amount of intermediates per US$ of final output after all rounds intermediate shipments across sectors and countries. X is the (N J, 1) vector of gross shipments for final demand, i.e. the destination country.
Trade in value added may be direct (embodied in bilateral gross trade shipments) or indirect (traveling through intermediate shipments that cross multiple borders). See Figure   3 . We label the total value added trade as 'Virtual VA trade'.
Figure 5 provides a network view of trade in value added and in gross terms. One clear observation is that the contribution of China in global value-added trade is smaller than in gross terms. This is also seen in Figure 6 which shows the difference between the two flows is even bigger in China's exports to Asia, as many of those are parts that will be re-exported to the US or EU and thus embedded in China's value-added exports to the US and EU. Figure   7 shows that China's top export sectors in value-added terms are different from those in gross terms. While electric equipment remains on top, plastics, transport equipment (cars), and leather fall out of the top 10. One explanation is that most of the leather exported from China embeds value added in Ethiopia for example, and plastic exports embed oil from Indonesia. Mining and agriculture enter the top 10 in value-added terms. This may be because China doesn't export its mining products, such as rare earths, but rather embeds them in electronic exports. Yet they account for a large share of value-added exported.
Figures 8 and 9 similarly display the case of Japan exports. Here we note that Japan's value-added exports to the US and EU are larger, not smaller, than its gross exports. This may be because of the Japanese value-added embedded in China's and other Southeast Asian countries exports of electronics. Note also that services such as finance, inland transport, and wholesale do not appear as top-10 gross exports but do make the list for value-added exports as they are embedded in Japan's sophisticated exports.
WIOD also provides data on factor use and payments -three types of labor (high-skilled, medium-skilled and low-skilled) and capital. We follow (Timmer et al., 2014) and merge the low and medium categories in an 'unskilled' aggregate. The factors are Labor (L), Unskilled labor (L U S ) and High-skilled labor (L HS ). We leave physical capital aside as it is constructed as a residual and is thus not as precisely-measured as human capital endowments.
We regress virtual VA exports and gross exports on relative endowments interacted with relative intensities. Formally, we estimate the following model:
where α ikt and σ jt are importer-industry-year and exporter-year fixed effects. L is for labor. Lower-case letters are for intensities, upper-case endowments. Our prediction is that β2 is positive and significant, even more so for value-added exports than for gross exports.
RESULTS
When we focus on manufacturing sectors our prediction is confirmed. Countries export more skilled-intensive products if they are relatively skill abundant. The coefficient on the interaction of relative skill intensity ( l hs lus ) and relative skill endowment (
L hs Lus
) is positive and significant in all 3 specifications. This is true both in the cross section (Table 1 ) and the panel (Table 2 ). In the second specification (column 2), we had terms that capture the relative capital abundance and intensities, on top of the skill terms. While we find no effect for capital intensity, this additional term does not alter the coefficients on the skill terms.
As we mentioned earlier, physical capital is constructed as a residual and is thus not as precisely-measured as human capital endowments. Adding gravity controls (column 3) does not alter the results either.
These results are all the more interesting when compared to those with gross exports on the left-hand side (Columns 4-6). Indeed, we find no indication of Heckscher-Ohlin forces significantly affecting gross manufacturing trade patterns. These contrasting results are illustrated in Figure 11 . The latter plots the elasticities estimated in columns 1 and 4 of When looking at services and total trade (Tables 3 4 5 6) we find no significant difference between gross and virtual VA flows. This is illustrated in Figure 12 . While the results still lean more in favor of Heckscher-Ohlin forces when looking at services in value-added terms, we find no significant difference between the 2 types of flows. This difference between services and manufacturing may be explained by the fact that is it mostly in manufacturing that global value chains have emerged.
CONCLUSION
Tests of the Heckscher-Ohlin theory have come a long way since Leontief's paradox, i.e.
the observation in 1953 that the US, a capital abundant country, was importing mostly capital-intensive goods, and since Bowen et al. (1987) claimed that net factor exports are no better predicted by measured factor abundance than by a coin flip. While many studies have followed and claimed that the theory performed badly empirically, we find empirical evidence that it does predict manufacturing trade in value-added, and it does so better than for gross shipment flows. Countries exports 'value' that they produce using their abundant factor intensively. As Nishioka (2012) noted, the bulk of world factor content of trade does not arise from specialization across goods, but rather via specialization in abundance-inspired techniques. One note of caution is that when we look at total trade, we do not find any statistical difference between VA and gross flows. This may be because global value chains are still mostly national. The spread of global value chains should make HO theory more, rather than less,relevant. All regressions include importer-industry and exporter dummies. Two-way clustered standard errors by exporter-industry and country-pair are in parenthesis. Significant at: *10%, **5%, ***1% level. All regressions include importer-industry-year and exporter-year dummies. Two-way clustered standard errors by exporter-industry and country-pair are in parenthesis. Significant at: *10%, **5%, ***1% level. All regressions include importer-industry and exporter dummies. Two-way clustered standard errors by exporter-industry and country-pair are in parenthesis. Significant at: *10%, **5%, ***1% level. All regressions include importer-industry-year and exporter-year dummies. Two-way clustered standard errors by exporter-industry and country-pair are in parenthesis. Significant at: *10%, **5%, ***1% level. All regressions include importer-industry and exporter dummies. Two-way clustered standard errors by exporter-industry and country-pair are in parenthesis. Significant at: *10%, **5%, ***1% level. All regressions include importer-industry-year and exporter-year dummies. Two-way clustered standard errors by exporter-industry and country-pair are in parenthesis. Significant at: *10%, **5%, ***1% level.
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